Introduction
The pitch precursors used for general-purpose carbon fiber are prepared by an air-blowing reaction on an industrial scale. The air-blowing reaction mechanism is complicated because of the contact with oxygen, the simultaneous effects of heat treatment, and distillation that is caused by a pressure drop in the system due to air-blowing. Therefore, in order to investigate the role of oxygen, heat and distillation in the air-blowing reaction, we studied the polymerization of coal tar pitch in an oxygen reaction, the heat-treated reaction, and distillation by observing the molecular structures of material pitch and product pitch with NMR and ESR measurements1).
Experimental
Coal tar was filtered, then distilled to obtain QI free coal tar pitch. Material pitch was heated at 330°C under a pressure of 2.1 MPa at a dried N2 flow rate of 5N1/min for the standard conditions (Run 2). For the effects of oxygen, distillation and heat-treating, the blowing gas was replaced with air only (Run 1), the reaction pressure only was changed to 0.1, 0.02 MPa 0~uns 3,4), and the reaction temperature only was changed to 430°C (Run 5) from standard conditions, respectively. The product pitches were characterized by softening point (SP), polarized-light microscopic observation, solvent fractionation, and NMR and ESR analysis.
Results and Discussion
The changes in the general properties and the SP of the pitch samples with reaction time are shown in Table 1 and Figure 1 , respectively. The oxygen reaction is mostly effective in raising the SP of the pitch (around 280 °C) without mesophase sphere generation, to increase QI, and to reduce BS. By distillation, the SP of the pitch can be raised to 170~ 200°C without mesophase sphere generation by effectively removing the volatile fractions, which is the main cause of low yield. However, the heat-treated reaction resulted in the formation of an anisotropic texture and hardly any rise in the SP. of heat-treated pitch is related to an increase in the exchange interaction derived from the formation of large polyaromatic compounds which give rise to anisotropic and QI content. However, for the distillation pitch, the change in A Hmsl remains constant until its SP becomes around 200°C and it is believed that little change occurred in the aromatic ring structure. The gradual decrease in the A Hmsl of the oxygen reaction is mainly related to a decrease in the dipolar interaction derived from the dehydrogenation (elimination of the aliphatic structure). From the NMR and ESR results, the inconsistent change concerning the decreased aliphatic structure and undeveloped aromatic ring structure was observed in the oxygen reaction. Accordingly, it is assumed that the oxygen reaction is polymerized with crosslinked bonding, mainly biphenyl-type bonding between the two aromatics m. Softening point ('C) Fig.3 The variation of peak-to-peak line-width(Al-lm.i) of pitches with softening point.
